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Purpose: To examine the influence of depressive symptoms, perceived stress, and psychotropic 

medication use on prospectively assessed menstrual cycle regularity and length.

Participants and methods: Data were obtained from Pregnancy Study Online, a prospec-

tive cohort study of pregnancy planners from North America. At baseline, women reported 

information on demographics, anthropometrics, lifestyle, and medical history, including their 

use of psychotropic medications. They also completed the Major Depression Inventory and the 

Perceived Stress Scale. Every 8 weeks for up to 12 months or until conception, women completed 

follow-up questionnaires to assess changes in psychotropic medication use, perceived stress, and 

menstrual cycle characteristics (ie, cycle regularity and length). Women who completed at least 

one follow-up questionnaire from 2013 to 2018 (n=3,346) were included in the primary analyses. 

A total of 5,439 women were included in secondary analyses utilizing baseline data only. Primary 

analyses estimated prevalence ratios (PR) and 95% CIs using log-binomial regression models.

Results: Women with severe depressive symptoms at baseline, regardless of psychotropic 

medication use, had an 80% greater prevalence of irregular cycles during follow-up than 

women with no or low depressive symptoms (PR =1.80, 95% CI =1.48–2.19). Perceived stress 

was also associated with the prevalence of irregular cycles during follow-up (PR =1.33, 95% 

CI =1.14–1.55). Psychotropic medication use was not appreciably associated with menstrual 

characteristics after controlling for history of diagnosed depression and/or anxiety. Depressive 

symptoms, perceived stress, and psychotropic medication use showed little association with 

menstrual cycle length.

Conclusion: Higher levels of depressive symptoms and perceived stress were associated with 

irregular menstrual cycles, but not appreciably associated with menstrual cycle length. Use 

of psychotropic medications was not meaningfully associated with cycle regularity or length.
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Introduction
Menstrual function has a central role in women’s physical and reproductive health. 

Menstrual disturbances have been associated with adverse health outcomes, including 

increased risks for coronary heart disease,1 type 2 diabetes mellitus,2 cardiometabolic 

disease,3 and reduced fecundability.4,5 Therefore, it is important to identify factors 

associated with menstrual cycle dysfunction.

Depression and anxiety-related disorders are among the leading causes of years of 

life lost due to premature mortality or disability in the USA.6 There is a 2:1 female-to-

male ratio in the prevalence of these disorders.7 Depression and anxiety disorders are 

associated with dysregulation of the hypothalamic–pituitary–adrenal axis (HPA),8–10 
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which can delay or impede the luteinizing hormone (LH) 

surge11 and impair ovarian function. Cross-sectional studies 

have found associations between depression and irregular 

menses, painful and heavier menses, and anovulation.3,12,13 In 

a prospective cohort study, high perceived stress levels were 

associated with an increased probability of anovulation.14 

Finally, some psychotropic medications (eg, valproate) can 

induce polycystic ovary syndrome,15,16 a condition associated 

with menstrual cycle irregularities. These findings indicate 

that mental health symptoms and their treatments may 

adversely affect menstrual function.

Few studies have prospectively examined the influence 

of mental health on menstrual cycle characteristics, or have 

considered both the individual and joint effects of depres-

sive symptoms, perceived stress, and psychotropic medica-

tion use on cycle irregularity. The present study examines 

prospectively the association between current depressive 

symptoms, perceived stress, and psychotropic medication 

use and menstrual cycle regularity and length. Secondary 

analyses examined the association between these factors 

and menstrual bleed length and heaviness of menstrual flow.

Participants and methods
Study design
Pregnancy Study Online (PRESTO) is a web-based prospec-

tive cohort study of pregnancy planners from the USA and 

Canada. The study is described in greater detail elsewhere.17 

Briefly, eligible women were of age 21–45 years, in a stable 

relationship with a male partner, not pregnant, and not using 

contraception or fertility treatments.

Participants completed an online baseline questionnaire, 

which assessed demographics, medical and reproductive 

history, and lifestyle habits. Follow-up questionnaires were 

administered every 8 weeks for up to 12 months or until 

reported conception to collect updated information on men-

strual cycle characteristics, lifestyle and behavioral factors, 

and pregnancy status. Given that some women became 

pregnant and others were lost to follow-up at different time 

points, the number of follow-up questionnaires completed 

varied among study participants. The study was approved by 

the Institutional Review Board of Boston Medical Center, and 

all participants provided informed consent online.

Assessment of menstrual cycle 
characteristics
Information on current cycle regularity and length was 

assessed at baseline and at each follow-up questionnaire, in 

which women were asked, “Has your period been regular 

(regular in a way that you can usually predict when the 

next period will start)?” On the baseline questionnaire only, 

women were given the option to select “cannot say because I 

was taking hormones most of the time.” On all questionnaires, 

women who reported regular menses were asked, “How long 

was your most recent cycle (days)?”

Data on menstrual bleed length and heaviness of flow 

were assessed on the baseline questionnaire only, where 

women were asked for their typical bleed length (ie, number 

of days of bleeding, not spotting) and total amount of men-

strual flow (light: ≤10 pads/tampons per menses, moderate: 

11–20 pads/tampons per menses, moderate/heavy: 21–30 

pads/tampons per menses, and heavy: >30 pads/tampons 

per menses).

Assessment of mental health
On the baseline questionnaire, participants reported depres-

sive symptoms experienced during the previous 2 weeks via 

the 12-item Major Depression Inventory (MDI; possible 

range of scores 0–50). The MDI, a measure of depressive 

symptoms, has been validated in population-based studies 

and in patient populations,18–20 demonstrating acceptable 

sensitivity (0.86) and specificity (0.86) when compared with 

clinician-diagnosed major depression.20 We used standard 

scoring criteria to categorize depression severity (i.e., none/ 

low [<20], mild [20–24], moderate [25–29], severe [≥30]).21

On the baseline and follow-up questionnaires, participants 

reported the degree to which they perceived their lives as 

stressful in the past month via the 10-item Perceived Stress 

Scale (PSS; possible range of scores 0–40). Psychometric 

studies demonstrate that the PSS-10 reliably captures recent, 

but not chronic, stress and is highly correlated with acute 

physical symptoms and healthcare utilization.22–24 Scores 

were categorized into four groups based on the distribution 

in our cohort (<15, 15–19, 20–24, and ≥25).

History of depression and anxiety diagnoses were assessed 

on the baseline questionnaire using two separate questions (ie, 

“Have you ever been diagnosed with depression?” and “Have 

you ever been diagnosed with anxiety/panic disorder?”).

Assessment of psychotropic medication 
use
Participants provided information about medication use for 

depression, anxiety, and other conditions (eg, sleep disor-

ders) at baseline. Specifically, participants reported which 

medications they had ever used, for how long they used them, 

the name of the medication taken for the longest and most 

recently, and whether they had used any medication in the 
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past 4 weeks. Psychotropic medication use in the past 4 weeks 

was assessed on each follow-up questionnaire. Psychotropic 

medications were defined as anxiolytics, anticonvulsants, 

antipsychotics, atypical antidepressants, benzodiazepines, 

beta-blockers, mood stabilizers, sedative-hypnotics, selective 

serotonin-norepinephrine reuptake inhibitors, selective sero-

tonin reuptake inhibitors, stimulants, tetracyclic antidepres-

sants, and tricyclic antidepressants. Psychotropic medication 

was categorized as never, former, and current use.

Assessment of covariates
Covariates were ascertained at baseline via self-report and 

included factors that have been associated with depression 

or menstrual cycle characteristics in previous research.25–27 

These included age, race/ethnicity, education, income, 

height, weight, physical activity, parity, smoking, alcohol 

and caffeine intake, and last method of contraception. Body 

mass index (BMI) was calculated as weight (kg)/height (m2). 

Total metabolic equivalents (METs) of physical activity were 

calculated by multiplying the average number of hours per 

week engaging in various activities by metabolic equivalents 

estimated from the Compendium of Physical Activities.28,29

Exclusions
For this analysis, 6,867 women who enrolled from June 2013 

through January 2018 completed the baseline questionnaire. 

We excluded women with reported last menstrual period 

(LMP) date at least 6 months before baseline (n=87), with 

baseline LMP dates later than the date of the baseline ques-

tionnaire (n=11), and who were pregnant at baseline (n=54). 

We also excluded women who had been on hormones most 

of the time and were unable to report their cycle regular-

ity off hormones on the baseline questionnaire (n=1,276); 

these women were less likely to have had a pregnancy in the 

past (16.7% vs 34.3%), reported lower baseline depressive 

symptoms (mean MDI score 9.6 vs 12.0) and perceived 

stress (mean PSS-10 score 15.7 vs 16.7), and were more 

likely to be a current psychotropic medication user (13.9% 

vs 11.7%) when compared with women who were included 

in the final sample.

For our primary analysis of mental health and menstrual 

cycle characteristics (ie, cycle regularity and cycle length), 

we additionally excluded women who did not complete any 

follow-up questionnaires. Of the women who did not com-

plete any follow-up questionnaires (n=2,093), 1,336 were 

lost to follow-up (65%); 412 women reported a miscarriage, 

pregnancy, or were found in birth/baby registries (20%); 287 

were not pregnant at study withdrawal (14%); 32 reported 

no longer trying to conceive (2%); and 6 reported fertility 

treatment (<1%), leaving a final sample of 3,346. For the 

secondary cross-sectional analysis of mental health and 

baseline menstrual cycle characteristics (ie, bleed length and 

heaviness of flow), which did not require any follow-up data, 

the study population was 5,439.

Data analysis
Our primary analysis assessed the relationship between 

depressive symptoms, perceived stress, and psychotropic 

medication use and subsequent cycle regularity and length. 

We used the Anderson–Gill data structure to allow for one 

observation per woman per follow-up cycle. Women con-

tributed up to six separate observations to the analysis, equal 

to the number of follow-up questionnaires they completed 

(median =2 follow-up questionnaires, range =1–6). Study 

outcomes (irregular cycles [yes vs no] and cycle length 

[categorized as <25, 25–34, and ≥35 days]) were measured 

during each 2-month follow-up period, based on what was 

reported in the follow-up questionnaires. The effect of 

time-varying exposures measured at baseline and follow-up 

(ie, PSS-10 score and psychotropic medication use) was 

evaluated only in relation to outcomes on the subsequent 

questionnaire, approximately 2 months later. For example, 

for PSS-10 ascertained on the baseline questionnaire, men-

strual characteristics were measured on the first follow-up 

questionnaire; for PSS-10 ascertained on the first follow-up 

questionnaire, menstrual characteristics were measured on 

the second follow-up questionnaire, and so on. Exposures 

measured at baseline only (ie, MDI score) were considered 

constant during the follow-up period.

We used log-binomial regression models to estimate 

prevalence ratios (PR) and 95% confidence intervals (CI), 

adjusting for the following covariates: age (<25, 25–29, 

30–34, ≥35 years), race/ethnicity (Non-Hispanic white: yes vs 

no), annual household income (<$50,000, $50,000–$99,999, 

$100,000–$149,999, ≥$150,000 USD), education (less than 

college degree, college degree, graduate school), BMI (<25, 

25–29, 30–34, ≥35 kg/m2), physical activity (<10, 10–19, 

20–39, ≥40 MET-hours/week), cigarette smoking (current 

regular, current occasional, former, never), alcohol use (0, 

1–6, 7–13, ≥14 drinks/week), caffeine intake (<100, 100–199, 

200–299, ≥300 mg/day), parity (nulliparous, parous), and 

last method of contraception (hormonal, barrier, withdrawal/

rhythm methods). We used generalized estimating equations 

with an exchangeable correlation matrix to account for cor-

relation between multiple observations per woman.30 In order 

to assess the possibility of reverse causation (ie, irregular 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1076

Nillni et al

cycles predicting mental health symptoms as opposed to 

mental health symptoms predicting irregular cycles), we 

conducted a sensitivity analysis restricted to women who did 

not report irregular cycles at baseline (n=2,409) and included 

their follow-up intervals until the report of irregular cycles. 

In this analysis, we estimated risk ratios (RR) and 95% CI, 

adjusting for all of the same covariates.

In secondary cross-sectional analyses based on the 

baseline data only, we assessed the association of mental 

health with bleed length and heaviness of bleed. We used 

log-binomial regression models to estimate PRs and 95% 

CIs, adjusting for the covariates listed above.

Missingness in baseline covariates ranged from 0% (age, 

race/ethnicity, parity) to 4.7% (income). For time-varying 

exposure (ie, PSS-10 and psychotropic medication use) and 

outcome (ie, cycle regularity and length) variables, missing 

observations were carried forward by using the most recent 

observed time point. We employed multiple imputation to 

address missing baseline data on exposures and covariates 

using PROC MI in SAS (SAS Institute version 9.3). We gen-

erated five imputed data sets and combined point estimates 

and standard errors using PROC MIANALYZE.

Our cohort comprised pregnancy planners who had been 

attempting pregnancy for varying lengths of time at study 

entry. If women with suboptimal menstrual cycle charac-

teristics took longer to conceive, and this contributed to 

declines in mental health, our analysis could be affected by 

reverse causation. To assess this possibility, we repeated all 

analyses after restricting to women who had been attempting 

to conceive for <3 cycles at study entry.

Results
Mean depressive symptom score at baseline was 10.6 (SD 

=8.5) and ranged from 0 to 50 with 4.4% of women classified 

as having severe depression. Mean perceived stress score at 

baseline was 16.0 (SD =5.8) and ranged from 0 to 36 with 

8.5% of women with PSS-10 scores ≥25. A total of 32.5% 

of women reported a history of depression or anxiety (11.0% 

reported both). Overall, 16.1% and 11.2% of women were 

former or current users of psychotropic medication, respec-

tively. A total of 500 (out of 2,409) regularly cycling women 

at baseline (24.4%) reported irregular cycles over the course 

of the follow-up intervals.

Women with severe depressive symptoms were more 

likely to smoke and had higher caffeine intake than women 

with no or mild depressive symptoms. Similarly, women with 

higher levels of perceived stress were more likely to smoke 

and had higher caffeine intake than women with lower levels 

of perceived stress. Women with severe depressive symptoms 

were less likely to have a college degree and were more likely 

to have an annual income of <$50,000 than women with no 

or mild depressive symptoms. The same pattern emerged 

for women who reported higher levels of perceived stress 

vs lower levels of perceived stress. Differences in baseline 

characteristics among never, former, and current users of 

psychotropic medication were less pronounced, but trended 

in the same direction. Depressive symptoms and perceived 

stress were positively correlated (r=0.65). In addition, current 

or former users of psychotropic medication had more depres-

sive symptoms and perceived stress at baseline. Additional 

characteristics of the sample can be found in Table 1.

Mental health, psychotropic medication 
use, and irregular cycles
Women with severe depressive symptoms at baseline had 

a 63% (95% CI =1.36–1.95; Table 2) greater prevalence of 

irregular cycles during follow-up compared with women with 

no/low depressive symptoms. Likewise, higher perceived 

stress was associated with the prevalence of irregular cycles 

during follow-up (PR for a score of ≥25 vs <15 =1.31, 95% 

CI =1.15–1.48). Results were similar with and without 

adjustment for demographic factors. Analyses restricted 

to women who reported regular cycles at baseline revealed 

similar results (Table 2).

Current psychotropic medication use was not associ-

ated with prevalence of irregular cycles during follow-up 

compared with never users (PR =0.90, 95% CI =0.73, 1.10), 

while former psychotropic medication use was associated 

with slightly lower prevalence of irregular cycles during 

follow-up compared with never users (PR =0.83, 95% CI 

=0.68, 1.02). However, among regularly cycling women at 

baseline, former (RR =0.97, 95% CI =0.68, 1.39) and current 

(RR =1.15, 95% CI =0.80, 1.68) psychotropic medication use 

were not strongly associated with a greater risk of irregular 

cycles when compared with never use of psychotropic medi-

cation (Table 2).

Examination of depressive symptoms in conjunction with 

medication use revealed that more severe depressive symp-

toms were associated with a higher prevalence of irregular 

cycles regardless of psychotropic medication use history 

(Table 2). Similarly, greater perceived stress was associated 

with a higher prevalence of irregular cycles regardless of 

psychotropic medication use. Analyses conducted among 

regularly cycling women only at baseline also suggested a 

greater risk of irregular cycles among women who reported 

severe depressive symptoms and higher perceived stress, 
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controlling for psychotropic medication use. These analyses 

also showed that women with severe depressive symptoms 

and high perceived stress, who also currently use psychotropic 

medications, had the highest risk of irregular cycles (Table 2).

Mental health, psychotropic medication 
use, and menstrual cycle length
There were few consistent associations between the selected 

mental health variables and prospectively assessed menstrual 

cycle length (Table 3). Severe depressive symptoms (MDI 

score ≥30) and higher levels of perceived stress were associ-

ated with a higher prevalence of having short cycle lengths. 

However, the estimates were imprecise and numbers of women 

with short (<25 days) and long (≥35 days) cycles were small.

Mental health, psychotropic medication 
use, and heavy bleeds
In cross-sectional analyses, higher levels of perceived 

stress were associated with a slightly higher prevalence of 

heavy bleeds after adjustment for demographic factors and 

medication use. Moderate, but not severe levels, of base-

line depressive symptoms were associated with a slightly 

higher prevalence of heavy bleeds (Table 4). There was 

Table 1 Baseline characteristicsa of 3,346 women by MDI score, PSS-10 score, and psychotropic medication use, PRESTO, 2013–2018

Characteristic MDI score PSS-10 score Psychotropic  
medication use

<20 20–24 25–29 ≥30 <15 15–19 20–24 ≥25 Never Former Current

Number of women (%) 2,862  
(85.5)

213 
(6.4)

124 
(3.7)

147 
(4.4)

1,425 
(42.6)

1,058 
(31.6)

579 
(17.3)

284 
(8.5)

2,431 
(72.7)

540  
(16.1)

375  
(11.2)

Age, years (mean) 30.6 29.7 29.2 29.0 30.7 30.4 30.2 29.5 30.4 30.4 30.7
Non-Hispanic White (%) 83.7 80.2 78.9 78.6 83.6 83.6 81.7 80.5 82.1 84.4 87.3
Less than college degree (%) 21.6 36.4 40.9 52.1 18.2 25.0 30.5 40.7 22.1 31.0 31.2
Annual household income <$50,000 (%) 16.7 28.8 35.6 44.0 14.3 19.3 24.6 35.6 18.3 21.3 24.0
BMI, kg/m2 (mean) 27.1 30.0 30.3 31.4 26.6 27.6 28.7 29.7 27.2 27.7 29.9
Physical activity, MET-hours/week (mean) 35,6 33.4 29.7 27.9 37.4 34.1 33.4 28.2 35.4 34.6 32.1
Current regular smoker (%) 4.7 8.4 11.2 16.5 4.0 6.3 7.4 8.2 5.1 6,4 8.6
Current alcohol intake, drinks/week (mean) 3.1 3.3 3.5 3.8 3.2 3.3 2.9 3.6 3.1 3.5 3.3
Current caffeine intake, mg/day (mean) 115.8 120.1 129.3 163.7 112.3 123.6 114.5 141.0 112.2 127.5 146.8
Parous (%) 31.7 38.8 33.6 34.2 30.8 31.3 36.7 34.8 32.4 32.9 31.8
Last method of contraception – hormonal (%) 29.8 32.6 31.5 34.6 29.5 29.9 30.5 34.9 30.0 28.8 35.3
Age at menarche, years (mean) 12.4 12.3 12.5 12.2 12.5 12.4 12.3 12.4 12.4 12.4 12.4
Irregular cycles (%) 21.1 28.9 32.1 46.1 19.6 23.8 23.8 35.8 22.6 24.9 24.2
Cycle length, days (mean) 28.8 28.5 29.2 29.0 28.9 28.8 28.7 28.6 28.8 28.8 28.7
Bleed length ≥5 days (%) 45.7 52.7 46.6 47.7 44.6 45.9 47.3 52.7 46.2 47.7 45.2
Heavy bleeds (%) 25.0 39.9 30.4 38.5 23.5 25.1 30.3 39.4 25.8 28.4 30.2
Current psychotropic medication use (%) 9.5 17.4 20.7 29.3 7.1 10.0 16.5 25.1 – – –
MDI score (mean) – – – – 6.1 10.3 15.3 24.4 9.4 13.1 14.6
PSS-10 score (mean) 14.8 21.2 22.7 25.7 – – – – 15.1 17.8 18.6
History of depression or anxiety 28.6 47.6 54.5 72.1 21.7 32.6 45.3 59.8 8.2 100.0 93.1

Notes: aWith the exception of age, all characteristics are age-standardized to the age distribution of the study population at baseline.
Abbreviations: BMI, body mass index; MDI, Major Depression Inventory; MET, metabolic equivalent of task; PRESTO, Pregnancy Study Online; PSS, Perceived Stress Scale.

little association between psychotropic medication use and 

prevalence of heavy bleeds.

Examination of depressive symptoms in conjunction with 

medication use revealed that severe depressive symptoms 

with concurrent psychotropic medication use at baseline was 

modestly associated with a greater prevalence of heavy bleeds 

(PR =1.18, 95% CI =0.96–1.44) relative to low depressive 

symptoms without psychotropic medication use. Higher per-

ceived stress was associated with a greater prevalence of heavy 

bleeds regardless of psychotropic medication use (Table 4).

Mental health, psychotropic medication 
use, and bleed length
We found little association between any of the mental 

health exposures and the prevalence of short or long bleeds 

(Table S1).

All results were similar among women who had been 

attempting to conceive for <3 cycles at study entry (data 

not shown).

Discussion
In this prospective cohort study of women attempting to 

conceive, depressive symptoms and perceived stress were 
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positively associated with cycle irregularity. Specifically, 

women who reported higher levels of depressive symptoms 

and perceived stress had a greater prevalence (63% and 31%, 

respectively) of irregular cycles over follow-up. The asso-

ciation persisted among regularly cycling women at baseline 

than women with lower levels of depressive symptoms and 

perceived stress, respectively. Current psychotropic medication 

use was not associated with a greater prevalence of irregular 

cycles. There were few consistent associations between mental 

health and psychotropic medication use and cycle length. Simi-

lar patterns of results were found in cross-sectional analyses 

examining the prevalence of heavy bleeds at baseline. Specifi-

cally, baseline depressive symptoms and perceived stress were 

associated with heavier bleeds, regardless of psychotropic 

medication use. In general, mental health and psychotropic 

medication use showed little association with bleed length.

Table 2 Depression, stress, anxiety, and psychotropic medication use in relation to prevalence of prospectively assessed cycle 
irregularity among 3,346 pregnancy planners, PRESTO, 2013–2018

All women Regularly cycling women  
at baselinea

Irregular  
cycles/Total

Unadjusted  
PR (95% CI)

Adjustedb PR
(95% CI)

Irregular  
cycles/Totala

Adjusteda,b  
RR (95% CI)

MDI scorec

<20 1,430/6,829 Reference Reference 425/4,713 Reference
20–24 167/555 1.33 (1.08–1.62) 1.19 (0.97–1.44) 33/321 1.09 (0.78–1.54)
25–29 87/324 1.28 (0.98–1.66) 1.13 (0.88–1.46) 18/202 0.89 (0.55–1.44)
≥30 141/331 2.01 (1.68–2.40) 1.63 (1.36–1.95) 24/133 1.75 (1.22–2.52)
PSS-10 score
<15 705/3,493 Reference Reference 217/2,427 Reference
15–19 484/2,343 1.06 (0.96–1.16) 1.03 (0.94–1.13) 129/1,625 0.87 (0.71–1.07)
20–24 387/1,428 1.23 (1.10–1.38) 1.17 (1.05–1.31) 101/897 1.20 (0.96–1.50)
≥25 249/775 1.43 (1.25–1.64) 1.31 (1.15–1.48) 53/420 1.33 (1.00–1.76)
Psychotropic medication use
Never 1,286/5,804 Reference Reference 351/3,936 Reference
Former 317/1,395 1.04 (0.90–1.19) 0.83 (0.68–1.02) 84/888 0.97 (0.68–1.39)
Current 222/840 1.13 (0.97–1.32) 0.90 (0.73–1.10) 65/545 1.15 (0.80–1.68)
MDI score and medication historyc

MDI <25, never treated 1,183/5,506 Reference Reference 332/3,783 Reference

MDI <25, formerly treated 242/1,174 0.98 (0.84–1.14) 0.95 (0.81–1.11) 71/776 1.07 (0.83–1.37)

MDI <25, currently treated 172/704 1.06 (0.89–1.26) 1.00 (0.85–1.18) 55/475 1.30 (0.99–1.71)

MDI ≥25, never treated 103/298 1.59 (1.27–1.99) 1.36 (1.11–1.67) 19/153 1.28 (0.81–2.01)

MDI ≥25, formerly treated 75/221 1.60 (1.25–2.06) 1.35 (1.05–1.73) 13/112 1.20 (0.69–2.10)

MDI ≥25, currently treated 50/136 1.74 (1.33–2.28) 1.40 (1.07–1.83) 10/70 1.45 (0.81–2.59)
PSS-10 score and medication history
PSS <20, never treated 916/4,519 Reference Reference 271/3,171 Reference

PSS <20, formerly treated 165/857 0.94 (0.79–1.12) 0.92 (0.77–1.08) 45/563 0.96 (0.71–1.30)

PSS <20, currently treated 108/460 1.12 (0.93–1.36) 1.06 (0.88–1.27) 30/318 1.09 (0.75–1.58)

PSS ≥20, never treated 370/1,285 1.22 (1.09–1.37) 1.18 (1.06–1.32) 80/765 1.18 (0.94–1.50)

PSS ≥20, formerly treated 152/538 1.32 (1.12–1.56) 1.20 (1.02–1.42) 39/325 1.37 (0.99, 1.89)

PSS ≥20, currently treated 114/380 1.29 (1.08–1.56) 1.15 (0.96–1.38) 35/227 1.69 (1.23, 2.32)

Notes: aAnalysis excludes women with irregular cycles at baseline and includes cycles of observation until occurrence of irregular cycles or end of follow-up (ie, first 
occurrence of irregular cycles only). bAdjusted for age, race/ethnicity, income, education, BMI, physical activity, smoking history, alcohol use, parity, last method of 
contraception, and history of anxiety and/or depression diagnosis (model for psychotropic medication use only). cMDI score measured at baseline only.
Abbreviations: BMI, body mass index; MDI, Major Depression Inventory; PR, prevalence ratios, PRESTO, Pregnancy Study Online; PSS, Perceived Stress Scale; RR, risk 
ratio.

Among the study population as a whole, higher levels 

of depressive symptoms at baseline and elevated levels of 

perceived stress over follow-up were associated with a greater 

prevalence of cycle irregularity, and psychotropic medica-

tion use (never, former, or current) did not appear to explain 

this association. These findings are consistent with the idea 

that depressive symptoms and perceived stress, as opposed 

to their pharmacological treatment, may be more important 

predictors of cycle irregularity.

Results of this study align with previous retrospec-

tive3,12,13 and prospective14 studies, which have documented 

the association of depression and perceived stress with 

menstrual cycle characteristics. The current study extends 

the literature by examining the association of depressive 

symptoms, perceived stress, and psychotropic medication 

use individually and jointly on prospectively assessed 
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cycle irregularity. Prospective follow-up in relation to 

current measurement of perceived stress is an important 

strength of this study, given that repeated assessments of 

perceived stress are more predictive of ovulatory function 

than baseline level of perceived stress.14 However, results 

diverge from previous work demonstrating an association 

between psychotropic medication and polycystic ovary 

syndrome, a condition defined by menstrual cycle irregular-

ity.15,16 Specifically, previous work has found that valproate, 

an antiepileptic drug that is used to treat mood disorders 

(ie, bipolar disorder), is associated with polycystic ovary 

syndrome.15,16 Although the current study captured valpro-

ate use and also examined a mood disorder, the current 

study differed from these previous studies in that all types 

of psychotropic medications were combined into a single 

variable. The small numbers across the different classes of 

psychotropic medications, including valproate, limited our 

ability to examine the effects of individual medications on 

menstrual cycle characteristics.

A potential mechanism linking depression and perceived 

stress with menstrual cycle irregularity is the influence of 

the HPA axis on gonadotropin-releasing hormone (GnRH). 

Depression and perceived stress are associated with dysregu-

lation of the HPA axis.8–10 In turn, HPA axis dysregulation 

has an inhibitory effect on GnRH, which subsequently delays 

or impedes the LH surge.11,31 In fact, animal models have 

shown that administration of cortisol – a steroid hormone 

released in response to stress – delays the rise in estradiol in 

the follicular phase and interferes with the LH and follicle-

stimulating hormone surges that occur prior to ovulation.11

There are several study limitations worth noting. First, 

although we followed women prospectively, we were unable 

to assess the precise onset of menstrual cycle irregularity in 

relation to mental health symptoms. Therefore, we cannot 

Table 3 Depression, stress, anxiety, and psychotropic medication use in relation to prevalence of prospectively assessed cycle length 
among 2,409 regularly cycling (at baseline) pregnancy planners, PRESTO, 2013–2018

Cycle length <25 daysa Cycle length ≥35 daysa

Event/ Total Unadjusted PR
(95% CI)

Adjustedb PR
(95% CI)

Event/ Total Unadjusted PR
(95% CI)

Adjustedb PR
(95% CI)

MDI scorec

<20 193/5,380 Reference Reference 380/5,380 Reference Reference
20–24 16/384 1.19 (0.64–2.19) 1.14 (0.63–2.08) 25/384 1.06 (0.65–1.71) 0.95 (0.60–1.52)
25–29 5/235 0.70 (0.28–1.74) 0.65 (0.26–1.62) 22/235 1.40 (0.87–2.26) 1.20 (0.74–1.96)
≥30 10/187 1.71 (0.88–3.32) 1.50 (0.77–2.93) 12/187 0.90 (0.46–1.75) 0.79 (0.42–1.49)
PSS-10 score
<15 84/2,778 Reference Reference 192/2,778 Reference Reference
15–19 70/1,848 1.31 (0.96–1.77) 1.28 (0.94–1.74) 129/1,848 1.10 (0.91–1.34) 1.05 (0.86–1.29)
20–24 46/1,037 1.42 (0.97–2.08) 1.41 (0.96–2.05) 78/1,037 1.18 (0.93–1.49) 1.10 (0.87–1.40)
≥25 24/523 1.48 (0.93–2.35) 1.44 (0.90–2.29) 40/523 1.17 (0.85–1.60) 1.07 (0.78–1.48)
Psychotropic medication use
Never 170/4,503 Reference Reference 300/4,503 Reference Reference
Former 29/1,070 0.69 (0.44–1.07) 0.61 (0.30–1.25) 92/1,070 1.22 (0.94–1.59) 1.19 (0.75–1.89)
Current 25/613 1.07 (0.67–1.72) 0.94 (0.44–1.99) 47/613 1.11 (0.81–1.53) 1.02 (0.63–1.67)
MDI and medication historyc

MDI <25, never treated 162/4,310 Reference Reference 285/4,310 Reference Reference

MDI <25, formerly treated 26/926 0.69 (0.43–1.12) 0.66 (0.41–1.06) 77/926 1.20 (0.90–1.59) 1.14 (0.86–1.52)

MDI <25, currently treated 21/528 1.04 (0.63–1.73) 0.99 (0.59–1.65) 43/528 1.22 (0.87–1.70) 1.14 (0.81–1.58)

MDI ≥25, never treated 8/193 1.23 (0.59–2.61) 1.14 (0.54–2.41) 15/193 1.29 (0.75–2.23) 1.10 (0.64–1.91)

MDI ≥25, formerly treated 3/144 0.73 (0.26–2.04) 0.65 (0.23–1.88) 15/144 1.53 (0.87–2.71) 1.48 (0.85–2.58)

MDI ≥25, currently treated 4/85 1.30 (0.39–4.36) 1.13 (0.34–3.70) 4/85 0.63 (0.26–1.49) 0.51 (0.22–1.19)
PSS-10 and medication history
PSS <20, never treated 124/3,590 Reference Reference 234/3,590 Reference Reference

PSS <20, formerly treated 16/686 0.67 (0.40–1.13) 0.63 (0.38–1.06) 61/686 1.21 (0.89–1.63) 1.16 (0.85–1.57)

PSS <20, currently treated 14/350 1.13 (0.65–1.96) 1.07 (0.61–1.87) 26/350 1.08 (0.72–1.62) 1.00 (0.67–1.50)

PSS ≥20, never treated 46/913 1.35 (0.94–1.94) 1.34 (0.94–1.92) 66/913 1.09 (0.86–1.39) 1.04 (0.82–1.33)

PSS ≥20, formerly treated 13/384 0.85 (0.44–1.64) 0.82 (0.42–1.58) 31/384 1.33 (0.93–1.90) 1.25 (0.87–1.80)

PSS ≥20, currently treated 11/263 1.19 (0.60–2.36) 1.10 (0.55–2.20) 21/263 1.20 (0.80–1.82) 1.07 (0.70–1.63)

Notes: aCompared to reference group of cycle length 25–34 days. bAdjusted for age, race/ethnicity, income, education, BMI, physical activity, smoking history, parity, last 
method of contraception, and history of anxiety and/or depression diagnosis (model for psychotropic medication use only). cMDI score measured at baseline only.
Abbreviations: BMI, body mass index; MDI, Major Depression Inventory; PR, prevalence ratios; PRESTO, Pregnancy Study Online; PSS, Perceived Stress Scale.
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determine whether menstrual cycle disturbances (eg, cycle 

irregularity) influenced a change in mood, or vice versa. To 

address this limitation, we conducted sensitivity analyses in 

which we excluded women with irregular cycles at baseline 

and found largely similar results. Second, self-reported 

depressive symptoms were assessed only at baseline. Conse-

quently, we were unable to examine the effect of time-varying 

depressive symptoms on menstrual cycle characteristics dur-

ing follow-up as we did for perceived stress and psychotropic 

medication use. Third, we did not ask about nonpharmaco-

logic types of treatment for depression such as cognitive 

behavioral therapy, which could ameliorate psychological 

symptoms.32 Fourth, our follow-up period was short (ie,12 

months at most), so we were unable to look at the longer 

term effects of depressive symptoms and perceived stress 

on cycle irregularity. Fifth, heaviness of flow was assessed 

via number of tampons or pads used per menses. Given 

Table 4 Cross-sectional analysis of depression, stress, anxiety, and psychotropic medication use in relation to prevalence of heavy 
bleeds, PRESTO, 2013–2018

Heavy bleeds/ 
Total

Unadjusted PR
(95% CI)

Adjusteda PR
(95% CI)

MDI score
<20 1,153/4,388 Reference Reference
20–24 151/410 1.40 (1.22–1.60) 1.21 (1.06–1.39)
25–29 91/272 1.27 (1.07–1.52) 1.13 (0.95–1.34)
≥30 146/396 1.41 (1.23–1.62) 1.10 (0.96–1.28)
PSS-10 score
<15 509/2,073 Reference Reference
15–19 468/1,703 1.12 (1.00–1.25) 1.07 (0.96–1.19)
20–24 338/1,097 1.25 (1.12–1.41) 1.11 (0.99–1.25)
≥25 226/593 1.55 (1.37–1.77) 1.29 (1.13–1.47)
Psychotropic medication use
Never 1,079/3,962 Reference Reference
Former 262/864 1.11 (1.00–1.25) 0.94 (0.79–1.10)
Current 200/640 1.15 (1.01–1.30) 0.91 (0.77–1.08)
MDI score and medication history
MDI <25, never treated 957/3,613 Reference Reference

MDI <25, formerly treated 209/708 1.12 (0.98–1.27) 1.10 (0.97–1.24)

MDI <25, currently treated 138/477 1.09 (0.94–1.27) 1.02 (0.87–1.18)

MDI ≥25, never treated 122/349 1.33 (1.14–1.54) 1.09 (0.94–1.28)

MDI ≥25, formerly treated 53/156 1.28 (1.03–1.61) 1.02 (0.82–1.28)

MDI ≥25, currently treated 62/163 1.44 (1.17–1.76) 1.18 (0.96–1.44)
PSS-10 score and medication history
PSS <20, never treated 759/2,970 Reference Reference

PSS <20, formerly treated 131/489 1.05 (0.89–1.23) 1.03 (0.88–1.21)

PSS <20, currently treated 87/317 1.08 (0.89–1.30) 1.01 (0.84–1.22)

PSS ≥20, never treated 320/992 1.26 (1.13–1.41) 1.12 (1.01–1.25)

PSS ≥20, formerly treated 131/375 1.37 (1.18–1.59) 1.18 (1.02–1.37)

PSS ≥20, currently treated 113/323 1.36 (1.16–1.60) 1.16 (0.98–1.36)

Notes: aAdjusted for age, race/ethnicity, income, education, BMI, physical activity, smoking history, alcohol use, caffeine intake, parity, last method of contraception, and 
history of anxiety and/or depression diagnosis (models for psychotropic medication use only).
Abbreviations: BMI, body mass index; MDI, Major Depression Inventory; PR, prevalence ratios; PRESTO, Pregnancy Study Online; PSS, Perceived Stress Scale.

that women may change their tampons or pads at different 

frequencies for a variety of reasons other than bleeding, this 

may not always accurately reflect heaviness of flow. Finally, 

only 8.1% of the study population reported moderate to severe 

depressive symptoms, indicating that most women were not 

experiencing depressive symptoms at baseline. However, the 

prevalence of moderate to severe depressive symptoms in the 

study population is similar to the prevalence of depression 

(6.6%) during a 12-month period in the USA population.27

In summary, we found that depressive symptoms and 

perceived stress were associated with an increased prevalence 

of cycle irregularity over time. Psychotropic medication use 

showed little association with cycle irregularity in the entire 

cohort. These results indicate that mental health may be an 

important determinant of cycle regularity. Interventions 

aimed at improving mental health, particularly during the 

reproductive years, may be important for fertility.
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Table S1 Cross-sectional analysis of depression, stress, anxiety, and psychotropic medication use in relation to prevalence of long 
bleed length (≥5 days), PRESTO, 2013–2018

Long bleeds/ 
Total

Unadjusted PR
(95% CI)

Adjusteda PR
(95% CI)

MDI score
<20 2030/4,388 Reference Reference
20–24 214/410 1.13 (1.02–1.25) 1.07 (0.97–1.18)
25–29 144/272 1.15 (1.02–1.29) 1.09 (0.97–1.22)
≥30 190/396 1.04 (0.93–1.16) 0.95 (0.85–1.06)
PSS-10 score
<15 926/2,073 Reference Reference
15–19 811/1,703 1.06 (0.99–1.14) 1.05 (0.98–1.12)
20–24 528/1,097 1.08 (1.00–1.16) 1.03 (0.95–1.12)
≥25 313/593 1.18 (1.08–1.29) 1.10 (1.00–1.21)
Psychotropic medication use
Never 1,860/3,962 Reference Reference
Former 419/864 1.03 (0.96–1.12) 0.99 (0.88–1.11)
Current 299/640 0.99 (0.91–1.09) 0.95 (0.84–1.08)
MDI score and medication history
MDI <25, never treated 1,679/3,613 Reference Reference

MDI <25, formerly treated 342/708 1.04 (0.96–1.13) 1.04 (0.96–1.13)

MDI <25, currently treated 223/477 1.00 (0.91–1.11) 1.01 (0.91–1.12)

MDI ≥25, never treated 181/349 1.12 (1.00–1.24) 1.03 (0.93–1.15)

MDI ≥25, formerly treated 77/156 1.06 (0.90–1.25) 0.98 (0.84–1.16)

MDI ≥25, currently treated 76/163 1.00 (0.85–1.19) 0.96 (0.81–1.13)
PSS-10 score and medication history
PSS <20, never treated 1,357/2,970 Reference Reference

PSS <20, formerly treated 227/489 1.02 (0.92–1.13) 1.03 (0.93–1.14)

PSS <20, currently treated 153/317 1.06 (0.94–1.19) 1.09 (0.96–1.24)

PSS ≥20, never treated 503/992 1.11 (1.03–1.19) 1.09 (0.99–1.20)

PSS ≥20, formerly treated 192/375 1.12 (1.01–1.25) 1.11 (0.97–1.27)

PSS ≥20, currently treated 146/323 0.99 (0.87–1.12) 0.99 (0.97–1.02)

Notes: aAdjusted for age, race/ethnicity, income, education, BMI, physical activity, smoking history, alcohol use, caffeine intake, parity, last method of contraception, and 
history of anxiety and/or depression diagnosis (model for psychotropic medication use only).
Abbreviations: BMI, body mass index; MDI, Major Depression Inventory; PR, prevalence ratios; PRESTO, Pregnancy Study Online; PSS, Perceived Stress Scale.
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